Background: Few studies have examined the effects of educational level, intellectual performance, mental function, body mass index and height as well as their interrelationship on the risk of disability pension (DP), taking other life course factors into account. Methods: We linked several national registers, comprising the Medical Birth Registry, the Central Population Register, the Education Register, the Norwegian Labour and Welfare Organisation and the Norwegian Armed Forces Personnel Data Base, providing personal data on biological and social variables from childhood to young adult age. Participants were all males live born during the period 1967-76, followed up through 2003. Men were excluded who died, emigrated or were granted a DP until age 23 years (when follow-up started) and persons who did not become gainfully employed during the study period. Thus, the study population comprised 302 330 men, and the study outcome was being granted a DP after age 23 years. Results: 3651 men (1.2%) were granted a DP. The DP rate was inversely associated with both educational level and intellectual performance. The adjusted population attributable risks (PAR) values for these two variables were 47% and 35%, respectively. The effect of the other variables was modest. Over-and underweight and short stature were associated with DP, but the effect was largely reduced after adjusting for intellectual performance. Impaired mental function seemed to have an independent effect. Conclusion: Receiving an early DP is dependent on several factors acting at different stages of life, above all educational level and intellectual performance. High education can modify some of the effects of low intellectual performance. 
Introduction

I
n the Scandinavian as well as in other developed countries, the increasing incidence of disability pension (DP) among young persons has caused concern, 1-3 partly due to economic considerations. Furthermore, being granted a DP (which in Norway must have a medical condition as the main cause, thus excluding primary social causes) frequently excludes the recipients permanently from normal social and productive life, causing humanitarian concerns. Disability pensioners also have a high mortality. 4 In a previous study, we explored life course determinants for an early DP within a register-based cohort 5 and identified low educational level as a major risk factor, but childhood factors also contributed, such as low birth weight, childhood disease, parents not being married and parental disability.
Also other factors from adolescence and early adulthood are of importance. Several studies on DP have included body mass index (BMI), and excess risk of disability has been found among obese persons [6] [7] [8] [9] [10] [11] and also among underweight. 8, 9, 11 Fewer studies have included height as an independent variable, but data from the 1958 British birth cohort suggest short stature at age seven and, to a less extent, at age 33 to be a risk factor for disability in early adulthood. 9 Also this relationship was found to be non-linear, with high risks for the tallest as well. A psychiatric diagnosis 2 and low intellectual performance 12 at conscript have also been found to be strong risk factors for a DP. However, several of the studies mentioned include only one, or, at most, two factors when explaining disability.
For the males in a previously established cohort, we have data on conscript test results, which allows an extension of our earlier analysis. 5 Specifically, we have data on height and weight, intellectual performance and mental function. The purpose of the present study was to elaborate our work on determinants of an early DP. Especially, we wanted to focus on the impact of and relation between intellectual performance and educational level on DP as well as the contribution from height, BMI and mental function. Unlike in most other studies, the available data also made it possible to explore all these factors together and assess their interrelationship when taking biological and social factors from childhood into account. Figure 1 is a causal diagram showing how these factors could be interrelated. We started follow-up in the calendar year of the males' 23rd birthday. Persons excluded (N = 7180, 2.3% of the total), in categories not mutually exclusive, were persons who were granted a DP until the age of 23 years and persons not registered with an annual income above the limit entitling sickness absence compensation (corresponding to $4000 euro in 2007) before a DP was granted or censorship occurred. This was to exclude the very youngest disability pensioners (mainly mentally retarded and multihandicapped) and other persons with no or only a marginal relation to working life. Income acquired before the age of 23 was not taken into consideration. After exclusions, 302 330 males remained for analysis.
Methods
Participants and linking procedures
Study outcome
The outcome variable was being granted a DP, as registered in the Norwegian Labour and Welfare Organisation 1991-2003. Thus, the recipients of a DP were 24-36 years of age, and the follow-up time was 4-13 years.
Independent variables
The registries provided information on several covariates, occurring at both early and later stages in life. From the Medical Birth Registry we had data on birth weight, birth order, birth year, mother's marital status at birth and whether father's identity was stated. Since later born babies tend to be heavier than first born, we standardized birth weight for birth order into z scores, i.e. mean birth weight for each birth order was assigned a 0 score, and the SD was 1. The Norwegian Labour and Welfare Organisation provided the following information: the persons' basic and attendance benefits due to chronic childhood disease, 13 annual income data and parental DP. The latter variable was divided into subsets according to the persons' age when parents were granted a DP (0-6, 7-12 or 13-17 years) and into maternal or paternal disability. Income data were used for inclusion purposes only. The Central Population Register provided time of death or emigration of the persons and data on maternal marital status in the year of the persons' 18th birthday. This information was combined with maternal marital status at birth (from the Medical Birth Registry) into the variable ''Maternal marital status according to persons' age'', with four categories: married both at birth and at age 18, unmarried both at birth and at age 18, divorced at age 18 (irrespective of status at birth) and one final category collapsing all other combinations. We also had information on educational level for the persons as well as for both parents, provided by the Education Register of Statistics Norway and based on the Norwegian standard classification of education NUS2000. 14 In the main analyses, its nine levels were dichotomized into whether upper secondary education was completed at age 23 years or not (from now on named the high, and respectively the low-educated group). This cut-off point was chosen, as there was a quite distinct break in the DP proportion at this level, as shown in figure 1 in ref. 5 . The 878 persons (0.3%) with missing data on educational level were coded as low educated. The indicated parental education refers to the parent with the highest educational level, in the year of the persons' 16th birthday. Updates for parental and study persons' education were available only through 2001.
Finally, the Norwegian Armed Forces Personnel Data Base provided results from conscript tests. Conscript is compulsory to all Norwegian men, usually taking place about age 18 or 19 years. However, 3-4% of the men do not meet, usually as a result of severe handicaps or congenital disorders. At conscript, men are tested for general intellectual performance, height and weight are measured, and a physician is giving an assessment of general mental function, to sort out whether the men are suited for military service or not. The test of intellectual performance that is used in Norway is highly correlated with the Wechsler Adult Intelligence Scale, the correlation was found to be 0.73 in a small sample. 15 Intellectual performance is recorded in a stanine scale as single digits from 1 (lowest) to 9, the scores being normally distributed in the general population with mean = 5 and SD = 2. 15 Height is measured to the nearest centimetre; we divided the population into eight height categories:
164 The independent variables were grouped into three categories: background (year of birth, birth order), adjustment (birth weight, childhood disease benefit, maternal marital status, maternal and paternal disability and parental education) and study variables (intellectual performance, mental function, BMI and height at age 18 years and educational level at 23 years).
Statistical analysis
Stata/SE 9.2 software was used in the analysis. We considered causal pathways leading to a DP as illustrated in figure 1. Cox proportional hazards models were used for computing DP hazard ratios (HR) and the corresponding 95% confidence intervals (CI) for the study variables. According to the pathways outlined in figure 1 , two different models were explored: Model 1, where we included the background variables, the adjustment variables and the conscript data, whereas in Model 2 we also included educational level. This made it possible to gauge the different factors' mediation through education. To explore closer relations between combinations of intellectual performance and educational level and their influence on DP, we also performed a multivariate regression analysis with a combined intellectual/ educational level variable, defined by two levels of education and the nine levels of intellectual performance. 'Delayed entry' was used, i.e. persons entered the study in the year of their first income above the limit after start of follow-up. Individuals who died or emigrated during follow-up, which lasted until the end of 2003, were censored out. Throughout, missing values on independent variables were included in the models as separate categories. We also computed crude and adjusted PAR and corresponding 95% CI for the study and adjustment variables. In the adjusted model, all independent variables were adjusted for. PAR is a function of the prevalence of a risk factor and of the strength of its association to the outcome and is thus an indicator of the proportional contribution to the population risk attributable to the factor, given the whole population have the risk of the reference category. PAR was computed using Poisson regression and Stata's aflogit procedure, 16 the latter after excluding observations with missing data on the current variable. Dummy variables were used for all values except for the reference value.
Coefficients for the different pathways outlined in figure 1 were computed with the pathreg command in Stata. 17 In this analysis, the full nine-level educational classification was used.
Results
The total number of persons with a DP in the study was 3651 (1.2%). A total of 5872 persons were censored due to emigration and 2146 due to death during follow-up. The total follow-up time was 2 516 789 person-years. The risk of DP was high at low levels of both education and intellectual performance (Supplementary figure 1) . The DP proportion in the high-and low-educated groups was 0.5 and 2.6%, respectively (table 1). Of the total DPs 56% had psychiatric diagnoses. Table 1 shows proportions and HRs for DP according to Model 1 and Model 2 for the study variables. DP was inversely associated with intellectual performance. Intellectual performance was the only conscript variable with a considerable change from Model 1 to Model 2. Impairment of mental function was identified as another important risk factor for DP. The DP proportion in men with impaired mental function (6.6%) was only exceeded by the proportion among men with the very lowest score at the intellectual performance test (6.8%). The association between BMI and DP was J-shaped, with excess risk for the underweight and the obese. Short stature also increased the risk.
The analysis with the combined intellectual/educational level variable showed an almost 3-fold increased risk in low-vs. high-educated men with intellectual performance at the mean (score = 5). We also found that high-educated men with an intellectual performance 1 SD below the mean had similar risks as low-educated men with an almost top intellectual performance score (data not shown). Table 2 shows the crude and adjusted PARs for the study and adjustment variables. The only two variables with any substantial contribution to the adjusted PAR were intellectual performance and educational level. Among the other study variables, mental function at conscript and height at conscript had considerable influence in the crude model, but especially for height, the influence was extensively diminished in the adjusted model. Seemingly, parental education was the most important adjustment variable according to the crude model, but the PAR appeared negative in the adjusted model. Also maternal marital status and birth weight seemed to play a role, but also their contribution to the PAR was noticeably diminished after adjustment. Figure 2 shows the results from the path analysis. This is a simplified model, where only the variables with a substantial contribution to the total DP burden according to the PAR estimates are included. There was a strong association between intellectual performance and educational level. Intellectual performance, mental function and educational level were negatively associated with DP. Multiplying the individual coefficients via education and comparing them with the direct pathway coefficients makes it possible to make rough assessments of degree of mediation. This shows that about one-third of the effect of intellectual performance on DP is mediated through educational level, whereas the corresponding calculation for mental function gives the result 1/35.
Discussion
The analyses showed that low intellectual performance and low educational level are the strongest risk factors for a DP during the first years of working life. Under-and overweight and short stature, all known risk factors, also had some importance, but their contribution to the population burden of DP was noticeably lowered when intellectual performance was adjusted for. The effect of impaired mental function was intermediate strong and seemed to be independent.
The main strengths of the study are the large size of the study population and the nearly complete follow-up. The comprehensive and high-quality Medical Birth Registry as well as other national registers, together with the national identification number assigned to all residents, make the Scandinavian countries a well suited arena for life course research with individual data. One objection against the conscript data, especially the intellectual performance test, has been that some young men might simulate, i.e. they pretend they have a low intellectual performance, in order to avoid military services. However, Supplementary figure 1 shows a reassuring and consistent pattern, contradicted by only two subgroups: those with education at the university level (Level 5) and a 1 or 2 score at the intellectual performance test. This was the case with only 44 persons, none of whom were granted a DP.
Shortcomings comprise lack of variables. There might be several other mediators, confounders and effect modifiers than those outlined in figure 1 . Probably, some mediators exist on the pathway from educational level to DP, like family conditions and work conditions/occupation. Other variables on personal characteristics might be relevant, like coping behaviour, which could have shed more light on the mechanisms behind the associations. Coping could also affect-and be affected by-educational level. In a recent Norwegian study, poor mastering, a related personal characteristic, was found to be associated with DP. 18 Persons with missing conscript data represent another problem and are particularly related to less favourable outcomes; thus, they represent a highly selected and vulnerable group. However, the proportion with missing data was low, except for on the intellectual performance test (7.1%).
Based on the PAR analyses, one could argue that most of the DP could be attributed to low intellectual performance, low educational level and to some extent impaired Adolescence factors and disability mental function. Concerning the interrelationship between intellectual performance and educational level, the findings from the analyses on intellectual performance in the two strata of educational level are interesting and might be taken advantage of in schemes of prevention. Intellectual performance, an important predictor for a professional career, 19 is probably not modifiable, as opposite to educational level. In this sense, education could be looked upon as a resilience factor, i.e. a factor that reflects a positive adaptation to an adverse background, 20 and an effect modifier. The results suggest that the largest part of this effect is achieved already at a completed secondary education, with only a small additional contribution from tertiary education.
The J-shaped relation between BMI and DP is in concordance with several other studies 8, 9, 11 and seems well established. One study has claimed the relation to be linear; 6 however, the lowest BMI group in that study consisted of values below 22.5, and any excess risk among underweight would probably not be recognized. Thus, the on-going worldwide increase in the prevalence of obesity 21 represents a major challenge to the prevention of disability.
A moderately increased DP risk was observed for short men. The finding from the 1958 British birth cohort of high risk even for tall stature was said to need confirmation in other studies. Our data suggest that this might be the case among Norwegian men as well; we see a non-significant trend in this direction in table 1. Body height can be looked upon as a rough proxy for socio-economic conditions during childhood, whereas the higher risk in the tallest may reflect a propensity of tall persons to musculoskeletal problems and probably also to cancer. 9, 22, 23 We made a comparison of diagnoses between the tallest disability pensioners (!190 cm) and the rest and found a higher proportion of musculoskeletal diagnoses for the tallest group (P = 0.2, data not shown).
The negative PAR for parental educational level in the adjusted model needs some clarification. This is related to our previous finding of high DP rate in low-educated men with highly educated parents 5 and could be interpreted as another example of adverse outcome related to downward intergenerational social mobility. 24 It could also be interpreted as a regression towards the mean-phenomenon, analogous to Francis Galton's original example. 25 The study increases our understanding of the underlying causes of an early DP. It shows that early life experience is important and so is intellectual performance, mental function and anthropometrical measures established at conscript age. The adverse effects of an unfavourable profile at this stage might however be modified through attaining a certain educational level, which together with intellectual performance constitutes the dominating predictors, most other study variables' importance being considerably reduced in adjusted models. Due to the often-observed gender differences in DP, future research should include both genders to explore these matters further. It should also focus on the personal characteristics that might be responsible for the mechanisms.
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